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ABSTRACT

Introduction: Sonidegib is approved to treat
locally advanced basal cell carcinoma (laBCC)
in the USA, EU, Switzerland, and Australia and
metastatic basal cell carcinoma (mBCC) in
Switzerland and Australia in patients not
amenable to surgery or radiotherapy. Vismod-
egib is approved to treat patients with mBCC,
recurrent laBCC, or those not candidates for
surgery or radiation. There is no head-to-head
trial comparing Hedgehog inhibitors. We
describe time to onset and severity of adverse

events (AEs) in two studies reporting cumula-
tive AE incidence every treatment cycle: the
sonidegib phase 2 BOLT study and the expan-
ded-access, open-label vismodegib study.
Methods: This analysis included patients with
histologically confirmed laBCC or mBCC from
BOLT who received sonidegib 200 mg once
daily (QD) and patients from the vismodegib
study who received vismodegib 150 mg QD.
Cumulative occurrence of AEs and median time
to AE onset were calculated on 30-day cycles for
sonidegib and 28-day cycles for vismodegib. AEs
were graded for severity using the Common
Terminology Criteria for Adverse Events. Only
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common (at least 15% incidence) AEs were
analyzed in this study.
Results: Over 18 treatment cycles, the most
common all-grade AEs for sonidegib and vis-
modegib were muscle spasm (54.4% vs 70.6%;
P = 0.0236), alopecia (49.4% vs 58.0%; no sig-
nificant difference [NS]), and dysgeusia (43.0%
vs 70.6%; P = 0.0003); incidences of diarrhea,
nausea, fatigue, and weight decrease were
31.6% vs 25.2% (NS), 39.2% vs 19.3%
(P = 0.0032), 32.9% vs 19.3% (P = 0.0429), and
30.4% vs 16.0% (P = 0.0217), respectively.
Sonidegib-treated patients had more delayed
median time to onset for all AEs than vismod-
egib-treated patients, except fatigue and weight
decrease (NS). Most AEs reported were
grade B 2.
Conclusion: This post hoc analysis suggests
lower overall incidence and slower onset of
certain AEs in patients treated with sonidegib
compared with vismodegib. In the absence of
head-to-head comparisons, the relevance of
these findings needs further studies to provide
conclusive evidence.

Keywords: Basal cell carcinoma; Sonidegib;
Vismodegib; Hedgehog inhibitors; Adverse
event onset

Key Summary Points

Why carry out this study?

Clinical differences between sonidegib
and vismodegib in patients with locally
advanced basal cell carcinoma or
metastatic basal cell carcinoma remain
unclear as there are no head-to-head
clinical trials comparing these Hedgehog
inhibitors

This post hoc analysis describes the time
to onset and severity of treatment-
emergent adverse events in patients in the
BOLT pivotal trial for sonidegib and
patients in the expanded access, open-
label study for vismodegib

What was learned from this study?

Patients treated with sonidegib had a later
median time to onset for all adverse
events than patients treated with
vismodegib, with the exception of fatigue
and weight decrease

Adverse events with both treatments were
primarily low grade (grade B2)

This post hoc analysis described
differences between sonidegib and
vismodegib furthering the understanding
of trends relative to their safety profiles;
additional studies are needed to confirm
the relevance of these findings

INTRODUCTION

Basal cell carcinoma (BCC) is the most common
human malignancy; its prevalence increases
worldwide with Caucasian populations at
highest risk [1–3]. The majority of BCC cases are
slow growing and can be treated effectively with
surgery, topical therapy, or radiation therapy
[4, 5]. However, certain BCCs can become
invasive and destructive locally advanced BCCs
(laBCCs) or metastatic BCCs (mBCCs) with
malignancies no longer amenable to primary
treatment options [6].

A key driver of BCC pathogenesis and growth
is abnormal activation of the Hedgehog signal-
ing pathway, most often resulting from muta-
tions in the patched 1 gene (PTCH1) or the
Smoothened (SMO) transmembrane protein
[7–9]. For patients with laBCC or mBCC where
surgery is contraindicated or unlikely to be
effective, systemic Hedgehog inhibitors (HHIs)
are the recommended therapy [4].

Sonidegib (Odomzo�; Sun Pharmaceutical
Industries, Inc.; Cranbury, NJ) and vismodegib
(Erivedge�; Genentech, Inc.; San Francisco,
CA), both HHIs, target SMO and are approved
for treatment of advanced BCC (aBCC) [10, 11].
Sonidegib is approved to treat patients with
laBCC in the USA, EU, Switzerland, and Aus-
tralia and mBCC in Switzerland and Australia in
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patients not amenable to surgery or radiother-
apy [10, 12–14]. Vismodegib is approved to treat
patients with mBCC, recurrent laBCC, or who
are not candidates for surgery or radiation in
the USA, EU, Switzerland, and Australia
[11, 13, 15, 16].

There are currently no head-to-head clinical
studies comparing sonidegib and vismodegib.
Therefore, clinical differences between sonide-
gib and vismodegib in patients with laBCC or
mBCC remain unclear. Without direct compar-
isons between HHIs, a post hoc analysis
describing differences between treatments is
valuable in understanding trends relative to
their safety profiles. This post hoc analysis
describes the time to onset and severity of
adverse events (AEs) in patients in the pivotal
phase 2 Basal cell carcinoma Outcomes with
LDE225 (sonidegib) Treatment (BOLT) study for
sonidegib and patients in the expanded access,
open-label study for vismodegib.

METHODS

Study Design

This analysis utilized datasets from BOLT and
the vismodegib study, which included cumula-
tive AE incidence reported every treatment
cycle. Details about the study design and pri-
mary results of both studies are previously
published [8, 17–19]. Briefly, BOLT was a ran-
domized, multicenter, double-blind phase 2
study (ClinicalTrials.gov, NCT01327053) that
enrolled adults with histologically confirmed
laBCC or mBCC not amenable to curative sur-
gery, radiation therapy, or other local therapies
[17]. Patients were randomized in a 1:2 ratio to
sonidegib 200 or 800 mg once daily (QD) with
randomization stratified by disease stage (laBCC
or mBCC), histological subtype (aggressive or
nonaggressive for laBCC), and geographical
region. The vismodegib study (ClinicalTrials.-
gov, NCT01160250) was an open-label, non-
randomized, multicenter study that enrolled
adults with histologically confirmed laBCC or
mBCC deemed inoperable or contraindicated
for surgery [8].

Safety assessments in both studies included
AE monitoring of all patients receiving at least
one dose of the study drug. AEs were coded
using Medical Dictionary for Regulatory Activi-
ties (MedDRA) terminology and graded for
severity using the National Cancer Institute’s
Common Terminology Criteria for Adverse
Events (version 4.0) [20]. AE recording occurred
every one to two treatment cycles in the vis-
modegib study; in BOLT, AEs were continuously
monitored during the study and up to 30 days
post-study discontinuation, with AEs recorded
at each study visit, between visits, or during
other assessments, as applicable.

After approval from institutional review
boards, and in accordance with Declaration of
Helsinki guidelines, all patients in both studies
provided written informed consent and con-
tinued study treatment until disease progres-
sion, unacceptable toxicity, death, study
termination, or withdrawal of consent.

Statistical Analysis

Only the regulatory-approved 200 mg treat-
ment arm from BOLT was included in this
study. The cumulative occurrence and time to
onset of treatment-emergent AEs (TEAEs) were
calculated on a 30-day treatment cycle for
sonidegib and a 28-day treatment cycle for vis-
modegib [8]. Corresponding 95% confidence
intervals (CI) were calculated for sonidegib, but
these data were not available for vismodegib.
Raw data for cumulative TEAE incidence over
individual treatment cycles from the vismod-
egib study were not published; AE data pre-
sented in this analysis were estimated from the
results published in the vismodegib study [8].
No direct statistical comparisons of TEAE
occurrence or severity were evaluated between
sonidegib and vismodegib.

Binary demographics and baseline charac-
teristics were compared between the treatments
using a two-sided Fisher’s exact test. The Eastern
Cooperative Oncology Group performance sta-
tus was compared between treatments using a v2

test.
For comparisons between sonidegib and vis-

modegib with respect to the binary AE rates,
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two-sided Fisher’s exact tests were used. As the
raw time-to-event data of AEs were not available
for vismodegib, hazard ratios and their 95% Cls
were derived on the basis of the median time to
event and the number of events in both groups
[21]. The respective P values were computed
using a previously described approach [22].

RESULTS

Patient Disposition and Characteristics

As previously published, the BOLT study had 79
patients randomized to sonidegib 200 mg; all
were included in this analysis. Of the 120
patients enrolled in the vismodegib study, 119
were included in this analysis; one patient was
lost to follow-up. Demographics and baseline

clinical characteristics for both cohorts are
summarized in Table 1. The vismodegib study
had more patients with mBCC (47.9%) than the
sonidegib BOLT study (16.5%).

Onset and Severity of Adverse Events

Common (defined as at least 15% incidence)
TEAEs investigated in this study were alopecia,
dysgeusia, muscle spasms, diarrhea, nausea,
fatigue, and weight decrease. Over 18 treatment
cycles, the most common all-grade TEAEs for
both sonidegib and vismodegib were muscle
spasm (54.4% vs 70.6%, respectively;
P = 0.0236), alopecia (49.4% vs 58.0%, respec-
tively; no significant difference [NS]), and dys-
geusia (44.3% vs 70.6%, respectively;
P = 0.0003) (Fig. 1 and Table 2). The overall
cumulative TEAE rates for diarrhea, nausea,
fatigue, and weight decrease in sonidegib and
vismodegib were 31.6% vs 25.2% (NS), 39.2% vs
19.3% (P = 0.0032), 32.9% vs 19.3%
(P = 0.0429), and 30.4% vs 16.0% (P = 0.0217),
respectively (Fig. 1 and Table 2).

Almost all patients receiving vismodegib
(97.5%) or sonidegib (97.5%) experienced at
least one TEAE. Figure 1 shows the cumulative
onset of TEAEs over 18 cycles of treatment.
Patients receiving vismodegib experienced ear-
lier time to onset than those receiving sonidegib
for all TEAEs, with the exception of fatigue and
weight decrease (both NS) (Table 3). With
sonidegib 200 mg, fatigue had the shortest
median time to onset at 1.1 months (95% CI
0.5–3.7), followed by muscle spasm at
2.1 months (95% CI 1.9–3.2). Diarrhea and
weight decrease had the longest median times
to onset, both 6.5 months. With vismodegib
150 mg, nausea had the shortest median time to
onset at 1.0 month (95% CI 0.4–4.3), followed
by muscle spasm at 1.2 months (95% CI
0.9–1.5). Alopecia and weight decrease had the
longest median times to onset, at 2.9 and
5.8 months, respectively.

Patients treated with both sonidegib 200 mg
and vismodegib 150 mg primarily experienced
TEAEs that were low in severity (grade B 2). In
the vismodegib study, 4 (3.4%) patients had
grade 3 TEAEs: 2 (1.7%) patients with muscle

Table 1 Demographics and baseline clinical characteristics

Sonidegib
200 mg
(n = 79)

Vismodegib
150 mg
(n = 119)

P value

Age, years,

median

(range)

67.0 (25–92) 62.0 (24–100) N/A

Sex, male 48 (60.8) 88 (73.9) 0.0607*

ECOG performance status

0 50 (63.3) 69 (58.0) 0.1515�

1 19 (24.1) 41 (34.5)

2 8 (10.1) 9 (7.6)

Unknown 2 (2.5) 0

Stage

laBCC 66 (83.5) 62 (52.1) \ 0.0001*

mBCC 13 (16.5) 57 (47.9)

BCC basal cell carcinoma, ECOG Eastern Cooperative
Oncology Group, laBCC locally advanced BCC, mBCC
metastatic BCC, N/A not available
Data presented as n (%) of patients unless otherwise
indicated
*Two-sided Fisher’s exact test
� v2 test, two-sided

1842 Dermatol Ther (Heidelb) (2021) 11:1839–1849



spasms, 1 (0.8%) with diarrhea, and 1 (0.8%)
with fatigue (Table 2). There was 1 (0.8%)
patient that reported a grade 4 TEAE of diarrhea
in the vismodegib study. In BOLT, 9 (11.4%)
patients had grade 3 TEAEs; there were no
grade 4 TEAEs (Table 2). The most common
grade 3 TEAE in sonidegib patients was
decreased weight (n = 4 [5.1%]).

DISCUSSION

Sonidegib and vismodegib are HHIs indicated
for the treatment of aBCC. Clinical differences
between sonidegib and vismodegib are unclear,
as there are no direct head-to-head clinical tri-
als. Furthermore, there are no evidence-based
recommendations to help clinicians choose
between them when treating patients with
aBCC [23]. This post hoc analysis described the
time to onset and severity of TEAEs in patients

Fig. 1 Cumulative onset of treatment-emergent adverse events over all treatment cycles in patients receiving A sonidegib
200 mg daily and B vismodegib 150 mg daily. Reproduced with permission from [8]
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treated with sonidegib 200 mg and patients
treated with vismodegib 150 mg. A lower inci-
dence of muscle spasm, alopecia, and dysgeusia
was found in patients taking sonidegib, who
conversely had a slightly higher incidence of
nausea, fatigue, diarrhea, and weight decrease
compared with those who received vismodegib.
Onset of TEAEs was faster in vismodegib-treated
patients than those treated with sonidegib for
all TEAEs except fatigue and weight decrease
(both NS); TEAEs with both treatments were
primarily low in severity.

Muscle spasm, alopecia, and dysgeusia are
consistently reported as the most frequent AEs
that occur with both HHIs [24–27]. The inci-
dence rates of these common AEs are compa-
rable across multiple published clinical studies
in patients with aBCC treated with HHIs. In the
vismodegib pivotal phase 2, randomized, con-
trolled aBCC trial (ERIVANCE), the most com-
mon AEs were muscle spasms (71.2%), alopecia
(66.3%), and dysgeusia (55.8%) [24]. Similarly,
the phase 2, open-label STEVIE trial demon-
strated muscle spasms (66%), alopecia (62%),
and dysgeusia (55%) as the most common AEs
of patients receiving vismodegib 150 mg QD
[26]. The incidence rates from ERIVANCE and
STEVIE are in alignment with those for vis-
modegib and higher than those for sonidegib in
this post hoc analysis. This consistency suggests
that muscle spasms, alopecia, and dysgeusia
may be class effects associated with targeted
inhibition of the Hedgehog signaling pathway
[25].

The proportion of high-grade TEAEs reported
in this analysis and in the Chang et al. study for
vismodegib patients (4.2%) is lower than pre-
viously reported. In ERIVANCE, 22.1% of
patients experienced grade 3 or 4 severity of the
common TEAEs included in this analysis. Simi-
larly, 17.9% of patients in STEVIE reported
TEAEs. Differences in AE severity reported with
vismodegib may be due to differences in study
design, frequency, and type of AE monitoring
and recording, participant population, or
length of treatment duration. While fewer high-
grade AEs were observed with vismodegib than
with sonidegib (4.2% and 11.4%, respectively),
it should be noted that this difference is mainly
driven by grade 3 weight decrease withT
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sonidegib, occurring in 5.1% of patients; 0 vis-
modegib-treated patients experienced grade 3
weight decrease (Table 2). Interestingly, in STE-
VIE, most TEAEs leading to treatment discon-
tinuation were low in severity (grade B 2). This
emphasizes that AE severity is not the only
factor playing a role in treatment discontinua-
tion. Frequency, duration, and disturbance to
daily life, among other factors, may also affect
the decision to discontinue treatment.

Over 18 treatment cycles, a slightly higher
cumulative incidence and rate of onset for
nausea, fatigue, diarrhea, and weight decrease
were observed in patients treated with sonide-
gib than with vismodegib. These findings from
the current post hoc analysis suggest a slightly
lower incidence of nausea, fatigue, diarrhea,
and weight decrease with vismodegib than
sonidegib, but a greater incidence of muscle
spasm, alopecia, and dysgeusia. Muscle spasm,

alopecia, weight loss, and dysgeusia are the
most frequently reported AEs by patients taking
HHIs and commonly lead to treatment discon-
tinuation [17, 24, 27]. Therefore, reducing the
incidence of these AEs may have the greatest
clinical impact on aBCC treatment.

Investigation of the time to onset of TEAEs
revealed that patients treated with sonidegib
may experience later onset of most AEs than
patients treated with vismodegib (Fig. 1). In
patients receiving vismodegib, median time to
onset of most TEAEs was less than 2 months
after treatment initiation. The sharp incidence
of these AEs was not observed in patients
receiving sonidegib. After only three treatment
cycles, the cumulative rates of muscle spasm,
dysgeusia, and alopecia were approximately
60%, 60%, and 25%, respectively, in patients
receiving vismodegib, while these rates were
32.9%, 15.2%, and 5.1%, respectively, in

Table 3 Median time to onset (95% CI) of common treatment-emergent adverse events

Sonidegib 200 mg
n = 79

Vismodegib 150 mg
n = 119

HR (95% CI)
P value

Median time to onset
(95% CI), months

Number of
events

Median time to onset
(95% CI), months

Number of
events

Muscle spasm 2.1 (1.9–3.2) 43 1.2 (0.9–1.5) 84 0.57 (0.40–0.83)

0.0029

Dysgeusia 3.7 (2.8–4.9) 35 1.4 (1.0–1.7) 84 0.38 (0.26–0.56)

\ 0.0001

Alopecia 5.5 (4.7–6.4) 39 2.9 (2.5–3.5) 69 0.53 (0.36–0.78)

0.0014

Diarrhea 6.5 (1.3–10.3) 25 1.3 (0.7–3.9) 30 0.20 (0.12–0.34)

\ 0.0001

Nausea 3.2 (1.5–4.6) 31 1.0 (0.4–4.3) 23 0.31 (0.18–0.54)

\ 0.0001

Fatigue 1.1 (0.5–3.7) 26 1.4 (0.5–4.0) 23 1.27 (0.73–2.23)

0.4068

Weight decrease 6.5 (4.7–8.3) 24 5.8 (3.8–9.8) 19 0.89 (0.49–1.63)

0.7237

CI confidence interval, HR hazard ratio
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patients receiving sonidegib. Slower time to AE
onset may be associated with delayed treatment
discontinuation from AEs and subsequently
increased treatment duration, although direct
comparative studies are needed to confirm these
findings and provide evidence for this
hypothesis.

Although clinical studies of sonidegib and
vismodegib in patients with laBCC have
demonstrated positive efficacy results, the high
frequency of AEs experienced by patients
undergoing treatment continues to be of con-
cern [8, 17, 24]. Multiple clinical studies report
over 97% of patients receiving an HHI experi-
ence at least one AE over the course of treat-
ment, and the percentage that discontinue
treatment because of AEs is as high as 31%
[17, 24, 26, 27]. Improved understanding of
incidence and time to onset of TEAEs in patients
with aBCC treated with HHIs may lead to
reduced treatment discontinuation and ulti-
mately assist clinicians with treatment
decisions.

Differences observed in the frequency and
time of onset of TEAEs during treatment with
sonidegib and vismodegib may be due to the
differences in pharmacokinetic (PK) profiles.
Sonidegib reaches peak plasma concentration
within 2–4 h of dosing, while vismodegib peak
plasma concentration occurs approximately
2 days after a single dose [28, 29]. Additionally,
vismodegib has an elimination half-life of
4–12 days and a volume of distribution of
approximately 16–27 L [11], while sonidegib
has an elimination half-life of 30–41 days and a
volume of distribution of approximately
9000–34,000 L [28, 30]. These values suggest
that vismodegib is largely confined to the
plasma and has limited tissue penetration,
whereas sonidegib has extensive tissue distri-
bution. Additionally, steady-state levels of
sonidegib are six times higher in the skin than
in plasma [12]. These pharmacological differ-
ences between sonidegib and vismodegib may
contribute to the observed differences in TEAE
onset.

Several factors should be considered when
interpreting findings from this post hoc analy-
sis. Most notably, study design and patient
characteristics differed distinctly between the

BOLT and vismodegib studies; therefore, direct
comparisons between studies and treatments
cannot be made. Although it was not possible to
make statistical comparisons in this post hoc
analysis, given the limited clinical data avail-
able for sonidegib and vismodegib, indirect
comparisons may still provide value to clini-
cians to further understand these therapies.
Both the BOLT sonidegib 200 mg group and the
Chang et al. vismodegib study had relatively
small sample sizes, with fewer patients enrolled
in BOLT. Vismodegib data from the large ERI-
VANCE and STEVIE studies could not be inclu-
ded in this brief report, as time to TEAE onset
data for vismodegib was not reported in these
studies. Additionally, the majority of patients in
BOLT had laBCC rather than mBCC (83.5% vs
16.5%, respectively), whereas the vismodegib
study was more equally distributed (52.1% vs
47.9%, respectively). Lastly, the vismodegib
treatment cycle was 28 days, while the sonide-
gib treatment cycle was 30 days, possibly lead-
ing to slightly different treatment effects when
examining TEAEs by treatment cycle.

CONCLUSIONS

This study provides insight into the onset of
TEAEs in patients with aBCC treated with
sonidegib or vismodegib HHIs. This post hoc
analysis suggests a delayed onset of many
common TEAEs and lower incidence of muscle
spasm, alopecia, and dysgeusia in patients
treated with sonidegib 200 mg compared with
vismodegib 150 mg. TEAEs with both treat-
ments were primarily low grade (grade B 2). In
the absence of a head-to-head comparison
study, the relevance of these findings needs
further studies to provide conclusive evidence.
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